Although a substantial body of literature has provided evidence supporting the positive effects of natural environments on well-being, little has been known about the specific spatial patterns of urban nature in promoting health-related quality of life (HRQOL) among children. This study assessed the association that the urban natural environment measured by landscape spatial patterns may have with obesity and HRQOL among Hispanic children. Ninety-two 4th and 5th grade students were recruited from Houston, Texas, and the Pediatric Quality of Life Inventory (PedsQL) was used to capture the children's HRQOL. The quality of urban natural environments was assessed by quantifying the landscape spatial patterns, using landscape indices generated by Geographic Information Systems and remote sensing. From the bivariate analyses, children's body mass index showed a significantly negative association with their HRQOL. After controlling for socio-demographic factors, the results revealed that larger and more tree areas were positively correlated with children's HRQOL. In addition, those children living in areas with tree patches further apart from each other showed higher HRQOL. This research adds to the current multi-disciplinary area of research on environment-health relationships by investigating the roles of urban greeneries and linking their spatial structures with children's HRQOL.
Introduction
Studies connecting neighborhood environments with public health outcomes have grown rapidly in recent years. Earlier works have focused on how natural and well-designed built environments can support physical activities such as walking and bicycling [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . In addition, many previous studies have examined the relationship between urban natural environments and mental health condition [15, 16] . Researchers found that urban greeneries can contribute to public health, not only by promoting outdoor activities, but also by helping people relieve daily stresses through their well-documented restorative effects [15, 17, 18] . However, although a substantial body of literature has provided evidence supporting the effects of the natural environment on the well-being of adult populations, the influence of the natural environment on the physical and mental health outcomes of children or adolescents has not yet been fully investigated. In addition, so far, little is known about the role of urban natural environments shaping landscape spatial patterns in promoting health-related quality of life (HRQOL), especially among children and adolescents. The effects of the natural and built environments on children's health require more investigation because the results of childhood environmental interactions will likely differ from those of adult populations [19] .
A number of previous studies have focused on the relationship between the natural environment and children's mental health. Wells and Evans [20] examined the effects of nearby natural environments in rural residential areas on children's psychological well-being. With the 337 rural 3rd to 5th grade children studied, they found that living near nature could offer moderating effects on the impacts of stressful life events, and also improve cognitive functioning. In addition, children living in greener residential environments showed lower levels of stress from life events, while children living in environments with little nearby nature reported higher levels of stress. Kuo and Faber Taylor [21] examined the influence of natural environments on Attention Deficit Hyperactivity Disorder (ADHD) in children. They found that ADHD symptoms were significantly reduced during green outdoor activities than in activities conducted in either built outdoor or indoor settings. In addition, this result appeared consistent across a wide range of characteristics including individual demographic factors, residential settings, and ADHD case severity. Amoly and colleagues [22] also observed 2111 children from 7 to 10 years of age and examined the associations among green spaces, children's behavioral development, and symptoms of ADHD. By using the Normalized Difference Vegetation Index (NDVI) to examine green spaces, they found that both the accessibility and usage times of green spaces surrounding children's residential areas were associated with decreased behavioral problems, including ADHD. Similar cross-sectional studies showed how urban green spaces could play a pivotal role in soothing children's hyperactivity and behavioral problems [23, 24] . A small number of studies emphasized the effects of the built environment on children's HRQOL. After reviewing extensive literature on pediatrics, Sherman and colleagues [25] synthesized certain components of the physical environment that influence children's mental health, including their psychological, emotional, and cognitive functioning. They found access to nature to be beneficial in improving children's HRQOL. Although many pediatric researchers have recognized the potential impacts of nature on children's HRQOL, it has not yet fully been measured and a significant knowledge gap still exists.
Childhood obesity caused by a sedentary lifestyle is strongly associated with a poor quality of life and low level of well-being [26] [27] [28] [29] . The majority of studies on childhood and adolescent quality of life have focused on groups with chronic health conditions or comorbidities. Several studies have attempted to measure the HRQOL of obese children or adolescents [26] [27] [28] [29] [30] [31] [32] [33] . Schwimmer and colleagues [32] recruited three groups of children and adolescents: an obese group, a healthy group, and a group of children and adolescents diagnosed with cancer. Of these groups, obese children and adolescents showed significantly lower values of HRQOL than did healthy children and adolescents. Obesity in a child or adolescent increased the likelihood of an impaired HRQOL 5.5 times more than a healthy child or adolescent, and 1.3 times more than a cancer patient. In addition, the authors stated that measuring HRQOL of Hispanic children would be important due to their high risk of obesity. Tyler and colleagues [34] supported the conclusion that obese Mexican-American children showed lower HRQOL than other ethnicity groups. Studies involving obese adults have shown that they tend to have a lower HRQOL than non-obese adults [35, 36] , but more empirical studies are necessary that examine HRQOL and obese children [32] . Since children are one of the most vulnerable population groups as they may not be ready to make informed health-related choices by themselves, more studies are required to understand the influence of obesity on their quality of life. Because evidence suggests that childhood obesity could be related to many psychological and social factors [37] , the multidimensional and comprehensive structure of HRQOL makes it a useful tool for assessing and enhancing childhood health conditions [32, 38] .
Based on these findings, the main purpose of this research is to examine the association between urban natural environments measured by landscape spatial patterns and HRQOL among Hispanic children. Since it is widely known that natural environments in neighborhoods provide positive effects on improving the mental health of adults [18, [39] [40] [41] and children [20, 21] , it was hypothesized that children's HRQOL would be positively associated with the quality of their neighborhood environments and landscape spatial patterns. In addition, this research hypothesized that children's HRQOL would be negatively correlated with their levels of obesity.
Methods

Study Location and Sample
To obtain reliable self-reported data [42] , this research recruited ninety-two 4th and 5th grade students (9 to 11 years old) from five elementary schools in the East End district of Houston, Texas. The East End district is located on the east side of the Houston downtown area. The rationale in choosing this district was as follows. First, according to 2010 Census data [43] , a significant proportion of this area is Hispanic (85%) with children younger than 18 years of age (27%). Second, 32% of East End households reported earning less than $ 20,000 in 2010, and 30% of Hispanics in the district reported living in poverty. In addition, 48% of residents who are 25 years and older had no high school diploma, and only 12% had a college degree or higher. Finally, the district offers diverse physical environmental settings including different types of parks, land uses, and housing types. As the neighborhoods in this district were established in the early 1910s, many mature trees have shaped the landscape spatial patterns.
Data Collection and Measurement
The consent forms, protocols, and data collection for this study were approved by the Institutional Review Board (IRB) at both the University of Houston and Texas A&M University (2008-0092). Our IRB approval process reviewed every item of this study including all instructions of the Declaration of Helsinki. A research staff administered surveys to participating children at each school site, capturing all of the study variables for this research. This study used the specific study eligibility criteria to recruit participants: children being of Hispanic origin who can speak and read in either English or Spanish, and children who do not have any medical restrictions limiting their physical activity. All subjects voluntarily signed their informed consent for participating in this research. To evaluate children's HRQOL, this research used the Pediatric Quality of Life Inventory (PedsQL TM ) 4.0 generic core scale developed by Varni [38, [44] [45] [46] [47] [48] . According to Varni [38] , the PedsQL is a modular instrument used to assess HRQOL among children and adolescents ages 2 to 18. The PedsQL consists of parallel child self-reports and parent proxy reports in essentially identical forms. Separate reports from parents and children are used because children's self-reports are designed to assess perceptions of their internal states, while parents' reports reflect their children's observable behaviors. This instrument has been tested extensively and used in many HRQOL studies [29, [32] [33] [34] . Most questions regarding perceptions related to health conditions use a five-point Likert scale (0 = never a problem, 1 = almost never a problem, 2 = sometimes a problem, 3 = often a problem, and 4 = almost always a problem). The 23-item PedsQL 4.0 generic core scale is classified into four sub-factors, including physical functioning (8 items), emotional functioning (5 items), social functioning (5 items), and school functioning (5 items). To facilitate the description of children's HRQOL (higher scores show better HRQOL), after collecting all of the questionnaires, each item was reverse-scored and linearly transformed on a zero to 100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0). Then, a total scale score calculated by the mean of all 23 items was determined to indicate a summary of the child's HRQOL. Across the ages, the total scale score of self-reporting and proxy-reporting was shown to approach a high score Cronbach alpha reliability coefficient of 0.90 [38] . Previous research has shown that the PedsQL can detect HRQOL differences between healthy and unhealthy children [32, 38, 44] . The PedsQL was selected for this research because of its high reliability and ease of use for both participants and researchers.
Landscape Spatial Patterns (Independent Variables)
To quantify the quality of the urban natural environments in children's neighborhoods, this research utilized the patch-corridor-matrix model (P-M model), which has been widely used in the landscape ecology field to measure landscape spatial patterns [49] . To classify land cover, 1m color infrared (CIR) high-resolution Digital Orthophoto Quarter Quadrangle (DOQQ) images from the National Agriculture Imagery Program (NAIP) were obtained from the Texas Natural Resources Information System (TNRIS) [50] . To objectively measure different land cover types, Geographic Information Systems (GIS; ArcGIS Version 9.2; ESRI, Redlands, CA, USA) and remote sensing (ENVI Version 4.3, geospatial image analyzing software; ITT Visual Information Solutions, White Plains, New York, NY, USA) were used. Based on light spectral similarities with the unsupervised classification process, 40 different land cover classes were generated. Those classes were then grouped into three main land cover types: grass areas, trees/forests, and developed/impervious areas. To remove isolated pixels affecting the landscape index values, post-classification processes were conducted; these included sieving, clumping, and filtering [51, 52] .
For measuring landscape spatial patterns surrounding a participant's home, both half-mile and quarter-mile airline buffers ( Figure 1 ) were generated and analyzed using various landscape indices obtained from FRAGSTATS 3.3, a spatial pattern analysis software program developed by McGarigal and Marks [53] . The buffer distance of a half-mile, approximately 800 m, around homes was selected based on the reported distance that both adults and children would likely be willing to walk from previous research [54] [55] [56] [57] . Based on previous studies, a quarter-mile buffer, approximately 400 m, was also added to assess the more proximate home neighborhood environments around each child's home [58, 59] . In addition, this research tested the associations between the children's HRQOL and landscape spatial patterns of urban forests and trees within the half-mile and quarter-mile street network buffers. However, the PedsQL scores were not associated with any landscape indices captured within these buffer types. Table 1) . To select the appropriate landscape indices, we reviewed the previous literature and established guidelines/criteria addressing both landscape ecological and public health perspectives [12, 39, 49, [60] [61] [62] [63] [64] [65] . Each landscape index quantified various aspects of the urban natural environment, including configurations such as size and the existence of tree patches, shapes of patch boundaries, distances between single patches, and connectivity.
Control Variables
Control variables including socio-demographic, children's Body Mass Index (BMI), physical activity, and environmental perception variables were captured from the surveys. To collect the children's BMI data, we objectively collected students' heights and weights using a scale (TANITA TBT 310) and portable stationmaster (Seca 213). Each participant's height and weight was measured twice, and the average of the two assessments was used for the final value. Participants' heights and weights were then used to calculate their BMI values. The Quetelet's index (weight in kg/height m 2 ) was used to compute the BMI. The guidelines provided by the Center for Disease Control and Prevention (CDC) [66] were applied to analyze age-and gender-specific BMI z-scores. The Physical Activity Questionnaire for Older Children (PAQ-C) [67] was used to capture the children's physical activity levels in different situations including both weekday and weekend days, and sedentary activity patterns. Participants' neighborhood environmental perceptions were captured regarding accessibility, safety, comfort, attractiveness, and satisfaction, using a survey based on previously-developed instruments [68] [69] [70] [71] and the relevant literature [1, 57, 72] . Notes: This table is adopted and revised form Kim et al. [12] . n i = number of patches in the landscape of patch type I; a ij = area (m 2 ) of patch ij; A = total landscape area (m 2 ); p ij = perimeter of patch ij; h ij = distance (m) from patch ij to nearest neighboring patch of the same type, based on edge-to-edge distance. * Mean values of half-mile airline buffers; a See McGarigal and Marks [53] for more details.
Data Analysis
The data analysis focused on assessing the correlations between landscape spatial patterns of urban nature and children's HRQOL. First, descriptive statistics were performed to understand the respondents' socio-demographic characteristics, overall physical activity patterns, BMI, HRQOL, and landscape spatial patterns computed by landscape indices. Then the standard diagnostic testing was performed to identify key variables and outliers. In addition, this study tested for the potential multicollinearity problems among the independent variables, especially with regards to the various landscape indices. Once descriptive analyses were completed, bivariate analyses were conducted to detect associations between independent variables (landscape spatial patterns) and the dependent variable (children's HRQOL). Correlations among children's BMI and HRQOL were also evaluated.
A Principal Component Analysis (PCA) was performed to reduce the number of environmental perception variables. The criterion for selecting the appropriate number of factors was above the 0.5 value of the Kaiser-Myer-Olkin (KMO) and Bartlett's test of sphericity with the varimax rotation [73, 74] . This research also suppressed absolute values of factor loading less than 0.4 [75] . Finally, statistical models were estimated using a series of multiple regression analyses to predict children's HRQOL, using the independent variables of the landscape indices and controlling for BMI, physical activity, factor scores of environmental perception, and socio-demographic variables. Separate models were estimated using the GIS variables captured at different buffer sizes. We used SPSS 19.0 (IBM Corp., Armonk, NY, USA) to analyze the data. Table 2 shows the socio-demographic characteristics of the participants. The proportion of the children's genders was approximately 40% boys and 60% girls. Their ages ranged between 9 and 11 years old. In terms of ethnicity, the Hispanic group was dominant with over 80%; the rest of the respondents answered "don't know" to queries regarding their ethnicities. The majority of the participants was born in the U.S. and living with both parents. The average age of the respondents' mothers was about 36 years old. Approximately 65% of the mothers were married. The majority of the mothers were employed, followed by those identifying as homemakers; only about 20% had at least a college degree. The children lived in households with an average of five people. The majority had at least two TVs and two cars per household. About 58% of the children were categorized as overweight or obese, and their mean BMI z-score was 0.90. According to their physical activity patterns, children showed a relatively low frequency of walking to utilitarian destinations including schools, parks, friends' houses, and stores or shops. About 62% did not walk to school during a typical week. In addition, over 40 percent of children did not walk to a park on a weekly basis. More than 65% participated in physical education or athletics classes only once or twice a week, and only about 30% of children were engaged in physical activities twice or three times on a regular weekend day. As a result of their sedentary patterns, children reported longer amounts of time watching TV during a typical weekend, as compared to weekdays. About 38% of children watched TV more than three hours per weekday, while approximately 52% spent more than three hours watching TV on the weekends. Overall, respondents shared a generally positive environmental perception of and satisfaction with their neighborhoods. In using a five-point Likert scale, approximately 51% of children believed they had adequate accessibility to recreational or playable places, and more than 58% were satisfied with walking or biking conditions in and around their neighborhoods. Table 3 represents the children's HRQOL measured by both the children's self-report and their mothers' proxy PedsQL surveys. The children's self-reported PedsQL scores were higher than the scores assessed by their mothers. This result supports the findings of previous research [31] . The total PedsQL score was composed of two main health summary scores: the physical and psychosocial health summary scores; both summary scores were higher in the children's self-report surveys as compared to the mothers' proxy surveys. In the children's self-report surveys, boys reported higher total PedsQL scores (1799.29) than girls (1726.79), while girls had higher total PedsQL scores (1664.91) than boys (1624.24) in the mothers' proxy reports. However, a child's gender did not play a statistically significant role in either survey. Total of mean PedsQL score = 100, total of the total PedsQL score = 2300, total of the physical health summary score = 800, total of the psychosocial health summary score = 1500.
Results
Characteristics of the Participants
Children's HRQOL
The results of the bivariate analyses of the children's BMI and HRQOL indicated that the children's BMI z-scores were negatively correlated to their HRQOL. According to the unadjusted bivariate analysis results from the children's self-report PedsQL surveys, there was a negatively significant relationship between the children's BMI z-scores and their physical health summary scores (p < 0.05), while the total PedsQL scores were not significantly associated with their BMI. On the other hand, there were slightly more statistically significant correlations between the children's BMI z-scores and their total and psychosocial health summary scores from the mothers' proxy surveys (Table 4) . 
Correlation between Children's HRQOL and Landscape Spatial Patterns
This research estimated two multivariate regression models to measure the association between landscape spatial patterns and children's HRQOL (Table 5 ). The first model (HA) was based upon the half-mile radius airline buffer measures, and the other model (QA) was based upon the quarter-mile radius airline buffer measures. The HA model explained about 43% of the variance in the children's HRQOL measured by the self-reported PedsQL scores. The children's HRQOL was negatively associated with their age (p < 0.05). Their HRQOL was positively correlated with the mother's employment status, but the p value was .061. The children's HRQOL was negatively correlated with their BMI z-scores (p = 0.01) and weekend television watching times (p < 0.05), while more weekend physical activity time was more likely to lead to a higher HRQOL value (p < 0.01). Among the variables related to neighborhood environmental perceptions, neighborhood disorder (p < 0.01) and walking barriers (p < 0.05) were negatively related to children's HRQOL, whereas accessibility to schools and open spaces to play (p < 0.05) and the existence of parks in their neighborhoods (p < 0.01) were positively associated with their HRQOL. Regarding the landscape spatial pattern variables, PLAND (p < 0.05), NP (p < 0.05), and MNN (p < 0.01) were positively correlated with the children's HRQOL. Other landscape indices (MPS and MSI) showed a negative relationship with the respondent's HRQOL, but only of marginal significance (0.05 < p < 0.1). These results indicated that children having larger (higher PLAND) and more (higher NP) tree/forest areas within a half-mile of their homes were likely to have higher HRQOL. In addition, longer distances between tree patches (higher MNN) were positively associated with higher HRQOL.
The QA model using the quarter-mile radius airline buffer measured the children's HRQOL to be approximately 42%. Among the socio-demographic variables, only age was negatively associated with the children's PedsQL scores. Similar to the results of the HA model, the children's BMI z-scores (p < 0.01) and weekend television watching times (p < 0.01) were negatively related to their HRQOL, whereas their physical activity times during a regular weekend day (p < 0.01) were positively correlated with their HRQOL. From the neighborhood environment perception variables, neighborhood disorder (p < 0.01) was negatively associated with the children's HRQOL. However, accessibility to schools and open spaces to play (p < 0.05) and the existence of parks in the neighborhood (p < 0.05) were both positively correlated with improved HRQOL. Among the selected landscape indices, NP (p < 0.05) and MNN (p < 0.01) showed significantly positive relationships with the children's HRQOL, which was consistent with the HA model results. The QA model results suggest that children living in areas with more tree patches and longer distances between the patches were likely to report higher HRQOL. Table 1 . * p < 0.05; ** p < 0.01.
Discussion
This research assessed the correlations between landscape spatial patterns and HRQOL among Hispanic children. Although a number of researchers reported that there were significant correlations between the natural environment and mental health conditions [15, 17, 18, [39] [40] [41] 65, 76] , only a few studies have attempted to assess relationships related to objectively-measured landscape spatial patterns of urban natural environments. This research expands the existing knowledge regarding those relationships. The results revealed that larger sizes (PLAND) and a greater number (NP) of forests or tree areas in urban neighborhoods were positively associated with Hispanic children's HRQOL. In addition, longer distances between tree/forest patches (MNN) were positively associated with children's HRQOL. These results may relate to safety concerns about urban natural environments. A sense of safety in open spaces has been found to be significantly related to HRQOL [77] . In previous studies, a sense of safety was associated with landscape structure [63, 78, 79] , and they found more open spaces and clearer edge conditions without dense understories would be considered to be safer than closed configurations [63, 80] . Thus, the MNN's positive association with HRQOL can be explained by the fact that higher MNN values typically represent landscape spatial patterns with sufficient openings between patches. In addition, this research found that more regularly shaped landscape patterns (lower MSI) were positively associated with children's HRQOL. Although it was a marginal significance between MSI and children's HRQOL, this conclusion also supports the notion that clearly delineated edges contribute to children's higher HRQOL.
The final models for this study showed consistent results with those of previous studies indicating negative relationships among BMI, physical activity, and HRQOL [35´37] . The level of physical activity and overall physical health strongly affect mental health conditions and human well-being. Many researchers have documented that being more active could provide a better sense of mental well-being [37, 81] . In addition, previous research has reported that obese children and adults present significantly lower values of HRQOL than those of normal weight [32, 35, 36] . However, few studies have considered the influence of urban natural environments on children's HRQOL and BMI. The results of this research have confirmed that there are significant correlations between children's BMI, level of physical activity, and HRQOL as they relate to neighborhood landscape spatial patterns [29, 31, [82] [83] [84] [85] [86] .
This study has several limitations. First, because this study captured a large number of variables through labor-intensive recruitment and data collection methods to ensure completeness and accurate matches of child-mother pairs, only a relatively small number of samples (n = 92 pairs) could be recruited; therefore, not all potential confounding factors could be considered in the multivariate modeling. Second, the study focused on an inner-city district with a high proportion of minorities and economically challenged populations; therefore, the results are not generalizable to other settings or populations. Third, this research did not objectively measure children's physical activity; conversely, children's BMI and landscape spatial patterns were evaluated using objective measurements. Finally, to examine the landscape spatial patterns of urban forests and trees, this research used DOQQ imagery. This imagery only allows for the analysis of two-dimensional landscape patterns determined by different land cover types. To understand the full range of layers in landscape structure, more advanced media such as LIDAR (Light Detection and Ranging) satellite imagery should be considered. Future studies should consider a larger sample size, and additional and more diverse population groups and community settings. Despite these limitations, to our knowledge, this is one of the first empirical studies assessing associations between children's HRQOL, BMI, and landscape spatial patterns shaped by urban trees and forests, captured objectively through landscape indices.
Conclusions
This research adds to the current multi-disciplinary research on environment-health relationships by investigating the roles of urban greeneries and linking their spatial structures to Hispanic children's HRQOL. Hispanic populations possess more serious conditions related to physical inactivity and obesity, and they are more likely to be economically challenged, and suffer from poverty and limited access to healthcare. Many previous studies documented that Hispanic children and adolescents were more vulnerable to health conditions such as a high rate of sedentary patterns, obese conditions, and an impaired quality of life than other ethnicity groups [32, 34] . The better quality of urban neighborhood environments with more green spaces would be a feasible means of promoting physical activity and improving quality of life by incorporating the practice into children's daily routines. One of the critical goals in urban and landscape planning is improving the quality of life of community members. Because landscape spatial patterns provide one of the most important factors shaping neighborhood environments and have been shown to improve psychological and physical health, it should be considered as a significant neighborhood component requiring proper planning and management. To improve the quality of life among children, it is essential to understand the specific roles of various natural and built environment elements within their neighborhoods. Further, to promote quality of life among children living in urban communities, continued multi-disciplinary efforts are needed to incorporate urban nature and ecological planning considerations into the decision-making processes in the urban planning and public health fields.
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